Docket No. 12204/09902 



02-PB-08 



CONDUIT COUPLING ASSEMBLY 
FIELD OF THE INVENTION 

[0001] This invention relates in general to joints between two or more members, such 
members comprising a conduit, such as a fluid conducting pipe, tube or tubular body, 
and a mounting component, such as a plate or wall-like structure. In particular, the 
mounting component has a counterbore for receiving a portion of the conduit, and a 
packing material, such as a seal, is positioned in the counterbore area between the 
conduit and the mounting component when the joint is in an assembled state. 

BACKGROUND OF THE INVENTION 

[0002] Even before the advent of automobiles, air-cooling systems of sorts were 
available for vehicles such as horse-drawn carriages. One example was a system that 
involved placing ice blocks in a holder under a carriage where air, blown by a fan on 
the carriage axle, would move across the ice blocks towards the passengers. 

[0003] Air cooling systems, better known as air conditioning (A/C) systems, for 
present day automobiles have become much more complex. Today's automotive air 
conditioning systems generally include an evaporator, a compressor, a condenser, and 
an expansion valve fluidly connected together by refrigerant lines. The compressor 
receives refrigerant at a low pressure as a vapor from the evaporator. The compressor 
then compresses the vaporous refrigerant to a higher pressure, and sends it to the 
condenser. The condenser cools and liquifies the refrigerant and sends it to the 
expansion valve. At the expansion valve, the pressure and temperature of the 
refrigerant drops, usually quite drastically. After the expansion valve, the cooled 
refrigerant returns to the evaporator where it evaporates, causing the surrounding space 
of the evaporator to be cooled. This cycle is continuously repeated as the A/C system 
is in operation. 
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[0004] In order to ease the serviceability of an automotive A/C system, it is desirable 
to ease the detachability of the refrigerant lines from the various system components. 
However, it is not desirable to allow the refrigerant to escape from within the A/C 
system, so particular attention should be given to ensuring that connections between 
refrigerant lines and the various system components are sufficiently sealed. One way 
that such connections have been made in the past is with pad-style fittings as illustrated 
in FIG. 5. 

[0005] As shown in FIG. 5, two refrigerant lines 1 10 and 1 1 1 are connected to a 
component 1 16 of an A/C system, where, for example, line 110 can be an output line 
and line 111 can be an input line. The ends of lines 110 and 111 are engaged in 
respective ports 120 and 121 of the component 1 16, so as to penetrate through a face 
1 17 of the component 116. Each of lines 110 and 1 1 1 includes a respective annular 
bead 122 and 123. An anchor plate 1 14 is provided, which bears on the annular beads 
122 and 123 so as to compress respective o-ring seals 124 and 125 into respective 
annular seatings 126 and 127. The annular searings 126 and 127 define respective 
terminal radial enlargements of the ports 120 and 121 adjacent to the face 117. A hex 
nut 1 18 fastened to a threaded stud 1 12 is provided for securing the anchor plate 114 
against the beads 122 and 123. 

[0006] Prior types of connectors such as the one described above are often referred to 
as pad-style IMACA (International Mobile Air Conditioning Association) 305 
connectors. IMACA 305 is a standard for threaded connections such as the connector 
shown in FIG. 7. It will be noted that the connector in FIG. 7 includes a threaded 
swivel nut 130 that is not present in the pad-style connector shown in FIG. 5. Because 
the threaded swivel nut 130 must be threaded into the threaded female portion 132, 
these threaded connections are relatively cumbersome to assemble. Thus, the pad-style 
version of the IMACA 305 discussed above was developed to provide a connector that 
is less cumbersome to assemble, while at the same time maintaining IMACA 305 
standard dimensions. 
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[0007J However, despite the increased ease with which the pad-style fittings can be 
assembled, they are known to suffer high failure rates. The connection failures in the 
pad-style connectors are very often caused by the seals not seating properly during 
assembly. This is a disadvantage of the pad-style connectors compared to the threaded 
connectors. On the threaded connectors, the threaded swivel nut acts as a pilot to align 
the parts, providing for the proper positioning of the seal. While the pad-style 
connectors are easier to assemble as a result of not having the threaded swivel nut, they 
also lack the piloting feature provided by the swivel nut. As a consequence, slight 
misalignments can occur when assembling a connector such as the one shown in FIG. 

5, resulting in the seal not seating properly, 

[0008] When a seal does not seat properly during assembly, a portion of the seal 
becomes extruded, or "pinched out" of position. An example of this is shown in FIG. 

6, where an extrusion, designated generally as 128, of seal 124 can be seen due to the 
seal 124 becoming improperly seated during assembly. The seal 124 is held out of 
alignment due to the pressure of anchor plate 114 bearing down on the bead 122, which 
in turn bears down on the extruded portion 128 of seal 124, holding it between the bead 
122 and the face 117. When this happens, the misaligned seal 124 can be difficult to 
visually detect due to visual obstructions, such as the anchor plate 1 14. Since the seal 
124 is misaligned, a slow leak in the A/C system can result. Not only is a leak in the 
AJC system undesirable, but such leaks can be expensive and time-consuming to 
troubleshoot and repair, and can also have adverse environmental implications. 

[0009] As a result of the problems with seals not seating properly with the pad-style 
connectors, alternative types of connectors have been developed in the art in an effort 
to provide a connector that is simple to assemble and reliable. This trend has led to the 
development of connectors that no longer adhere to the IMACA 305 geometry. As a 
result, such connectors tend to be considered more specialized from a manufacturing 
standpoint, and therefore require an increased amount of documenting and/or retooling 
as compared to connectors that comply with EMAC A standard dimensions. Thus, the 
expense of such connectors tends to increase as well. 
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SUMMARY OF THE INVENTION 

[0010] The present invention takes a novel approach to solving the problems 
associated with prior pad-style connectors. According to the present invention, a 
coupling assembly is provided which comprises a component of a system of any sort. 
The component has a surface with a port opening for a port which extends into the 
component. The port has first, second, and third diameters, which are at respective 
positions from closer to the face of the component to further from the face of the 
component (i.e., from closer to the port opening to further inside the port). The first 
diameter is larger than the second diameter, and the second diameter is larger than the 
third diameter. The port widens at a first angle between the second diameter and the 
first diameter, and the port widens at a second angle between the third diameter and the 
second diameter, the first angle being different than the second angle. 

[0011] The coupling assembly also comprises a conduit having an annular bead. An 
end of the conduit is slidably inserted into the port such that the end of the conduit is 
beyond the position of the third diameter, and at least a portion of the annular bead is 
beyond the port opening. An annular seal is also provided, which extends around the 
conduit between the annular bead and the position of the third diameter. 

[0012] The first angle is preferably in a range of 8.5 degrees to 15.5 degrees, and 
most preferably, the first angle is in a range from 1 1.5 degrees to 12.5 degrees. The 
second angle can be in a range 28-32 degrees, but this is not a critical range. 

[0013] The port can have a fourth diameter, larger than the first diameter, located 
between the first diameter and the port opening. Then, the port can have an annular 
surface defining a portion of the port having the fourth diameter. 

[0014] The port can have an annular surface beyond the position of the third diameter 
relative to the port opening that defines a portion of the port having a diameter smaller 
than the third diameter. In this case, the smaller diameter can be substantially equal to 
an inner diameter of the end of the conduit that is slidably inserted into the port. 
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[0015] According to another aspect of the invention, a coupling assembly is provided 
that comprises a component having a face that defines a port opening for a port that 
extends in an axial direction into the component. There is also a first interior surface 
defining a first portion of the port, a second interior surface defining a second portion 
of the port, and a third interior surface defining a third portion of the port. The first 
interior surface extends between the port opening and the second interior surface at a 
first angle relative to the axial direction. The second interior surface extends between 
the first interior surface and the third interior surface at a second angle relative to the 
axial direction, the second angle being larger than the first angle. 

[0016] The coupling assembly also includes a conduit having an annular bead. An 
end of the conduit is slidably inserted into the port such that the end of the conduit is 
adjacent to the third interior surface and at least a portion of the annular bead is beyond 
the port opening. Also included is a seal extending around the conduit adjacent to the 
second interior surface. 

[0017] The first angle is preferably in a range of 8.5 degrees to 1 5.5 degrees, and 
most preferably, the first angle is in a range from 11.5 degrees to 12.5 degrees. The 
second angle can be in a range 28-32 degrees, but this is not a critical range. 

[0018] The third interior surface can extend in a direction somewhat parallel to the 
axial direction. The coupling assembly can also comprise a fourth interior surface that 
defines a fourth portion of the port that extends between the first interior surface and 
the port opening in a direction somewhat parallel to the axial direction. 

[0019] In addition, the coupling assembly can further comprise an additional interior 
surface that defines a portion of the port, wherein the additional interior surface extends 
beyond the third interior surface relative to the port opening in a direction somewhat 
parallel to the axial direction. This additional interior surface can be a portion of the 
port having a diameter that is smaller than a diameter of a portion of the port defined by 
the third interior surface. For instance, the diameter of the portion of the port defined 
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by this additional interior surface can be substantially equal to an internal diameter of 
the end of the conduit that is slidably inserted into the port. 

[0020] According to another aspect of the invention, a coupling assembly is provided 
that comprises a component having a first interior surface defining a portion of a first 
passage that extends into the component in a first axial direction from a first aperture in 
an external surface of the component, and having a second interior surface defining a 
portion of a second passage that extends into the component in a second axial direction, 
somewhat parallel to the first axial direction, from a second aperture in the external 
surface of the component. 

[0021] Each of the first and second interior surfaces includes a counterbored surface, 
a first beveled surface, a second beveled surface, and a parallel surface respectively 
positioned from the external surface of the component. The respective counterbored 
surface of each of the first and second interior surfaces is adjacent to the surface of the 
component. The respective first beveled surface of each of the first and second interior 
surfaces widens towards the external surface of the component at a respective first 
angle relative to the respective one of the first and second axial directions. The 
respective second beveled surface of each of the first and second interior surfaces 
widens towards the external surface of the component at a respective second angle 
relative to the respective one of the first and second axial directions. The respective 
parallel surface of each of the first and second interior surfaces extends somewhat 
parallel to the respective one of the first and second axial directions. 

[0022] The coupling assembly further comprises a first conduit having a first conduit 
open end disposed within the first passage, and having a first conduit external surface 
adjacent to the first conduit open end and adjacent to the parallel surface of the first 
interior surface. The first conduit also has an annular bead adjacent to the counterbored 
surface of said first interior surface. The coupling assembly further comprises a second 
conduit having a second conduit open end disposed within the second passage, and 
having a second conduit external surface adjacent to the second conduit open end and 
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adjacent to the parallel surface of said second interior surface. The second conduit also 
has an annular bead adjacent to the counterbored surface of said second interior surface. 

[0023J The coupling assembly further comprises a first seal extending around the first 
conduit and adjacent to the first beveled surface of said first interior surface, and a 
second seal extending around the second conduit and adjacent to the first beveled 
surface of said second interior surface. 

[0024] The coupling assembly can include an anchor plate slidably fitted onto the 
first and second conduits such that the anchor plate at least assists in holding the first 
and second conduits fixed in position relative to the component. 

[0025] The first angle is preferably in a range of 8.5 degrees to 15.5 degrees, and 
most preferably, the first angle is in a range from 1 1.5 degrees to 12.5 degrees. The 
second angle can be in a range of 28-32 degrees, but this is not a critical range. 

[0026] The component can be a component of an automotive air conditioning system, 
the conduits can be refrigerant lines, and the seals can be o-ring seals. 

[0027] The first interior surface can include a second counterbored surface. The 
second counterbored surface can be adjacent to the parallel surface of the first interior 
surface on an end of the parallel surface further from the first aperture. The first 
interior surface could include a second parallel surface extending from the second 
counterbored surface away from the first aperture, the second parallel surface of the 
first interior surface defining a portion of the first interior surface having an internal 
diameter substantially equal to an internal diameter of the first conduit open end. 

[0028] Also, the second interior surface could include a second counterbored surface, 
the second counterbored surface being adjacent to the parallel surface of the second 
interior surface on an end of the parallel surface further from the second aperture. The 
second interior surface could include a second parallel surface extending from the 
second counterbored surface of the second interior surface away from the second 
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aperture. The second parallel surface of the second interior surface could define a 
portion of the second interior surface having an interior diameter substantially equal to 
an internal diameter of the second conduit open end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] Two embodiments of the present invention will now be described by way of 
example only, with reference to the accompanying drawings in which: 

FIG. 1 is a partially-sectioned exploded view of a coupling assembly in 
accordance with the present invention; 

FIG. 2 is a view of the assembly as illustrated in Figure 1, but assembled; 

FIG. 3 is an enlarged view of a portion of Figure 1; 

FIG. 4 is a partially-sectioned view of a second coupling assembly in 
accordance with the present invention; 

FIG. 5 is a partially-sectioned view of a prior art A/C connection; 

FIG. 6 is an enlarged view of a portion of Figure 5; and 

FIG. 7 is a plan view of a prior art connector. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0030] In the following detailed description of the preferred embodiments, reference 
is made to the accompanying drawings which form a part hereof, and in which are 
shown by way of illustration specific embodiments in which the invention may be 
made without departing from the scope of the present invention. 

[0031] Referring first to FIGS. 1 and 2, an embodiment of a coupling assembly 
incorporating elements of the present invention is shown that includes a conduit 10, a 
threaded stud 12, an anchor plate 14, an A/C system component 16, and a hexagonal 
nut 18. 

[0032] The conduit 10 is coupled with the component 16 of an automotive A/C 
system in order that a refrigerant can be moved between the conduit 10 and the 
component 16 without leaking. The component 16 has a surface 17 that defines a port 
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opening 19 for a port 20 through which the refrigerant can be moved in or out of the 
component 16. In order to provide for fluid communication between the conduit 10 
and the component 16, the conduit 10 is slidably inserted into the port 20. The conduit 
10 has an annular bead 22 which comes to rest against a counterbored portion 26 of the 
port 20 as the conduit 10 is inserted into the port 20, thereby preventing the conduit 10 
from being inserted into the port 20 any further. As shown in FIG. 2, an annular seal 
24 is provided that extends coaxially around the conduit 10. Compression between the 
external side of the conduit 10, including the bead 22, and first and second beveled 
surfaces 28 and 30 of the port 20 causes the annular seal 24 to adapt itself to at least a 
portion of the space defined by these compressing surfaces. The compressed annular 
seal 24 is a key part of preventing leakage. 

[0033] The anchor plate 14 has a first aperture 32 through which the conduit 10 
extends. With the conduit 10 extending through the first aperture 32, the anchor plate 
14 can slide along the conduit 10 into position against the surface 17 of the component 
16. The anchor plate 14 also has a second aperture 34 through which the threaded stud 
12 can slide as the anchor plate 14 is being positioned against the surface 17 of the 
component 16. Once the anchor plate 14 is positioned against the surface 17, a 
sufficient amount of the threaded stud 12 should protrude through the second aperture 
34 to allow the hexagonal nut 18 to be properly threaded onto the stud 12. 

[0034] Details of the port 20 will now be discussed with reference to FIGS. 1 and 3, 
where FIG. 3 provides an enlarged view of a portion of FIG. 1. 

[0035] The port 20 extends in an axial direction into the component 16 along a 
longitudinal axis Z (shown in FIG. 1). In a preferred embodiment, the port 20 has a 
substantially circular cross-section when taken along a plane normal to the longitudinal 
axis Z. The broken lines in FIGS. 1 and 3 designated Dl, D2, and D3 indicate 
positions of first, second, and third diameters, respectively, of the port 20. As shown in 
FIG. 3, the port 20 has a first beveled surface 28 that widens port 20 between the third 
diameter D3 and the second diameter D2. The port 20 also has a second beveled 
surface 30 that widens the port 20 between the second diameter D2 and the first 
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diameter Dl . The first beveled surface 28 widens the port 20 at an angle a, and the 
second beveled surface 30 widens the port 20 at an angle p. 

[0036] FIG. 3 also shows reference lines A and B, which are each substantially 
parallel to axis Z. Thus, the angle at which the first beveled surface 28 widens, 
designated as angle a, can be measured between reference line A and the first beveled 
surface 28, and the angle at which the second beveled surface widens, designated as 
angle p, can be measured between reference line B and the second beveled surface 30. 
In the present embodiment, angle a is an angle in the range of 28 degrees to 32 degrees, 
preferably in the range of 29.5 degrees to 30.5 degrees. However, alternative 
embodiments of the present inventions can have any angle a. 

[0037] The angle p is preferably an angle in the range of 8.5 degrees to 15.5 degrees, 
and most preferably in the range of 1 1.5 degrees to 12.5 degrees. The angle p is related 
to the amount of compression experienced by the annular seal 24. If the angle p is too 
large, the amount of compression experienced by the annular seal 24 will decrease to 
the point where the annular seal 24 cannot adequately prevent leakage. This is because 
as the angle p increases, the annular seal 24 is allowed to drop further into the port 20. 
If the angle P is increased too much, the annular seal 24 will eventually drop to the 
point where it cannot be clamped between the annular bead 22 and the second beveled 
surface 30. On the other hand, if the angle p is too small, then the benefit provided by 
the present invention wherein the seal is reliably seated begins to diminish, 

[0038] The counterbored portion 26 of the port 20 has an annular surface 36 that is 
somewhat parallel to axis Z and adjacent to the port opening 19. Along the annular 
surface 36 of the counterbored portion 26, the port 20 has a fourth diameter at broken 
line D4 in FIGS. 1 and 3. As shown in FIGS. 1 and 3, the fourth diameter D4 is larger 
than each of diameters Dl, D2, and D3. The counterbored portion 26 of the port 20 
also has an axial surface 38. However, it is preferable to provide a chamfered region 
between the beveled surface 30 and the counterbored portion 26 to reduce the 
likelihood of damage to the seal 24 during assembly. Therefore, depending on the 
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chamfer dimension, the axial surface 38 can actually be a portion of a chamfer that 
extends between the beveled surface 30 and the annular surface 36. 

[0039] The first beveled surface 28 narrows the port 20 towards a second annular 
surface 40 that extends into the component 1 6. The second annular surface 40 is 
substantially parallel to the axis Z. 

[0040] As mentioned above, in order to provide for fluid communication between the 
conduit 10 and the component 16, the conduit 10 is slidably inserted into the port 20. 
As the conduit 10 is inserted into the port 20, the series of beveled surfaces described 
above serve to guide the conduit 10 into a somewhat coaxial relationship with the port 
20. Since the annular seal 24 is coaxial to the conduit 10, the seal 24 becomes 
somewhat coaxial to the port 20 as well. It is preferable that the length of the conduit 
10 from the bead 22 to the end being inserted into the port 20 be at least long enough to 
allow the seal 24 to be coaxial to the port 20 prior to reaching the position indicated by 
broken line Dl. 

[0041] The diameter at position Dl of the port 20 is preferably smaller than the outer 
diameter of the bead 22 in order to allow the bead 22 to serve as a means for preventing 
the conduit 10 from traveling too far into the port 20. However, the diameter at Dl is 
preferably large enough to allow at least a portion of the seal 24 to pass the position at 
line Dl and seat against the second beveled surface 30. Since the seal 24 bears against 
the second beveled surface 30 as the conduit 10 is being inserted into the port 20, the 
seal 24 tends to deform such that it lengthens somewhat coaxially with respect to the 
axis Z, conforming to at least a portion of the area bounded by the outer surface of the 
conduit 10, the bead 22, the second beveled surface 30, and the first beveled surface 28 
as shown in FIG. 2. Since the seal 24 tends to deform such that it lengthens more in a 
coaxial direction than in a radial direction relative to the port 20, the risk of an 
extrusion is reduced. 

[0042] As also shown in FIG. 2, the depth at which the conduit 10 can be inserted 
into the port 20 is limited since the bead 22 preferably bears against the counterbored 
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portion 26. At the same time, this limits the amount of pressure the bead 22 can bear 
against the seal 24. This arrangement prevents damage to the seal 24 that could 
otherwise occur if the seal 24 was to bear the entire pressure exerted by the bead 22 
with no limiting element. 

[0043] In accordance with a second embodiment of the invention, FIG. 4 shows an 
arrangement for accommodating two parallel conduits 10 and 50. In the arrangement 
shown in FIG. 4, the conduit 10 has a larger diameter than the conduit 50, however this 
is not intended to be a limiting feature. The parallel conduits 10 and 50 are slidably 
inserted into parallel ports 20 and 60, respectively, of the component 56. The conduits 
10 and 50 are held in the ports 20 and 60 by an anchor plate 54, which has an additional 
third aperture 72 as compared to the anchor plate 14 in order to accommodate the 
second conduit 50. The anchor plate 54 is held fixed to the component 56 with a bolt 
52 that extends through the anchor plate 54 into the component 56. 

[0044] As shown by the differing examples of connecting hardware (stud 12, hex nut 
18, bolt 52) in the first and second embodiments, there are many known ways of 
securing an anchor plate to a component, any of which being acceptable without 
deviating from the spirit and scope of the present invention. However, it is preferable 
that a mounting method be used that allows the anchor plate to be detachable. 

[0045] As shown in FIG. 4, the second conduit 50 includes an annular bead 62, and 
an annular seal 64 extends coaxially around the conduit 50. The description of the port 
20 with reference to FIGS. 1-3 applies equally to first and second ports 20 and 60, with 
the second port 60 having a counterbored portion 66, a first beveled surface 68, a 
second beveled surface 70, an annular surface 76 of the counterbored portion 66, and an 
axial surface 78 of the counterbored portion 66. 

[0046] In addition, in the second embodiment, the first and second ports 20 and 60 
are provided with respective second counterbored portions 44 and 84. The first port 20 
has a third annular surface 42 that extends from the counterbored portion 44 into the 
component 56, and the second port 60 has a third annular surface 82 that extends from 
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the counterbored portion 84 into the component 56. The portion of the first port 20 
defined by the third annular surface 42 has a smaller diameter than the portion of the 
first port 20 defined by the second annular surface 40. Likewise, the portion of the 
second port 60 defined by the third annular surface 82 has a smaller diameter than the 
portion of the second port 60 defined by the second annular surface 80. 

[0047] Just as with the first embodiment, in the second embodiment the depth at 
which the conduits 10 and 50 can be inserted into the respective ports 20 and 60 is 
preferably limited when the beads 22 and 62 bear against the counterbored portions 26 
and 76. However, the second counterbored portions 44 and 84 of the second 
embodiment provide a back-up depth-limiting means for limiting the amount of 
pressure the beads 22 and 62 can bear against the respective annular seals 24 and 64 in 
the event the first counterbored portions 26 and 76 are insufficient. 

[0048] Another advantage of the counterbored portions 44 and 84 is that the 
diameters of the portions of the ports 20 and 60 defined by the respective annular 
surfaces 42 and 82 can be made substantially the same as the inner diameters of the 
conduits 10 and 50. This would result in a reduction of turbulence at the point where 
fluid moves between the ports 20 and 60 and the respective conduits 10 and 50. Such a 
reduction in turbulence is desirable, since less turbulence means more fluid can move 
more efficiently through the system. 

[0049] According to a third embodiment of the present invention, only one of the two 
ports 20 and 60 shown in FIG. 4 is provided with a second counterbored portion 44, 84. 
In other words, one of the two ports 20 and 60 would be replaced with the port 20 of 
the first embodiment. 

[0050] It is envisioned that the coupling assembly disclosed herein could be used in a 
wide variety of applications other than automotive air-conditioning systems without 
deviating from the spirit and scope of the present invention. It is also envisioned that 
conduits and ports can be used that have non-circular cross-sections. 
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[0051] While endeavoring in the foregoing specification to draw attention to those 
features of the invention believed to be of particular importance, it should be 
understood that the Applicant claims protection in respect of any patentable feature, or 
combination of features, hereinbefore referred to and/or shown in the drawings, 
whether or not particular emphasis has been placed thereon. 
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